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STUDIES OF THE ETHER-SOLUBLE SUBSTANCES
ON THE HUMAN SKIN
II. QUANTITATIVE STUDIES OF THE ETHER-SOLUBLE SUBSTANCES
ON THE SKIN SURFACE OF PATIENTS WITH ACNE VULGARIS.*
PHILIP H. PROSE, M.D., RUDOLF. L. BAER, M.D. AND FRANZ HERRMANN, M.D.
(With the technical assistance of L. MANDOL, G. MEDOFF AND L. ROTH)
In a previous report (1) we presented detailed data on the levels of ether-
soluble material on multiple circumscribed skin areas of healthy subjects and
on the technics employed to obtain these data. It is the purpose of the present
report to describe the results of more recent studies on the levels of the ether-
soluble film in patients with acne vulgaris and to compare these results with
those previously obtained with the same method in normal subjects. Among the
acne patients were some who were selected for treatment with roentgen irradia-
tion and others with ultra-violet irradiation. This permitted us to include some
studies on the effects of these forms of irradiation on the levels of ether-soluble
substances. Finally the quantities of the ether-soluble film in various areas in
the acne patients will be correlated with data on thermogenic sweating in the
same areas.
EXPERIMENTAL
Experimental Subjects
Fifteen male and 14 female patients with acne vulgaris, varying in degree from
mild to severe, were examined. Their ages ranged from 15 to 25 years. Fourteen
of these patients had lesions only on the face, and the other 15 on the face, back
and chest. No topical therapy was allowed during the course of the investiga-
tion; and all patients were cautioned not to wash the face, chest and back and
not to use cosmetics for at least 24 hours prior to each examination.
Seven of the 29 patients were treated with roentgen rays during the period of
the studies. They received 85 r (100 KY, unfiltered) to each side of the face,
once a week for a period of 2 to 8 weeks. Nine of the 29 patients received ery-
thema doses of ultra-violet irradiation generated by hot or cold quartz ap-
paratus, once weekly for a period of 2 to 8 weeks to the face, or to the face, chest
and back.
Tests Performed
In all subjects the following initial set of tests was performed during a three
day period: a) on the first and again on the second day: Assay of the ether-
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soluble material (i.e. level on sites neither deliberately protected nor deliberately
wiped) on temples, mid-forehead, cheeks; and on six areas of the back, situated
in the vertebral line, as well as both midscapular lines of upper and lower back
(1). b) on the first and again on the second day: Assay of the "replacement sum"
of the ether-soluble material (i.e. the sum of the amounts obtained in four con-
secutive half hourly ether collections following a preceding removal of the film)
on the temples and cheeks (1). c) on the third day: Assay of the thermogenic
sweat, by means of a recently developed technic (2) (3), on all sites chosen for
determinations of the ether-soluble material.
TABLE I
Level of ether-8oluble substances on different sites in 9 patients with acne vulgaris
AREAS NO. OP TESTS MEAN S.D.
xngm/1O cxn5
I. Forehead
a) Center 44 2.87
b) Temples 107 2.5
II. Cheeks 116 2.36
III. Back
A. With lesions (15 patients)
a) vertebral line
1) upper 30 1.63
2) lower 30 0,81
b) midseapular lines
1) upper 60 1.01
2) lower 60 0.81
B. Without lesions (14 patients)
a) vertebral line
1) upper 28 1.08
2) lower 28 0.66
b) midscapular lines
1) upper 56 0.64
2) lower 56 0.50
In the subjects who received roentgen ray and ultra-violet ray treatments,
the 3 types of tests were repeated as frequently as possible after each of the re-
spective treatments. 'Whenever assays of the ether-soluble level were done in
patients after they had received ultra-violet ray treatments, the collections of
material from the skin surface were filtered through fritted glass, in order to
avoid experimental errors due to the admixture of scales when the soluble residue
was weighed.
RESULTS
The levels of ether-soluble material in the various test areas in the 29 patients
with acne vulgaris are presented in Table 1. The greatest amounts of ether-
soluble lipids were found on the mid-forehead and then, in order of decreasing
amounts, on the temples, cheeks, upper and lower back. On the face and back
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there was more ether-soluble material on the central, than the lateral areas.
Acne patients with involvement of the back, as a group, had greater quantities
of ether-soluble substances on the back than acne patients whose lesions were
confined to the face.
The levels of ether-soluble material collected from the 7 patients who received
roentgen ray therapy are shown in Table 2. After two x-ray exposures the average
amounts of ether-soluble material had slightly decreased on the temples and
cheeks, whereas there was an increase on the mid-forehead. After four exposures
TABLE II
Level o' ether-soluble substanees on different sites in 7 patients treated with roentgen rays
AFTER 2 X-RAY EXPOSURES
(4 subjects)
AFTER 4 x-RAY EXPOSURSE
(5 subjects)
AFTER 8 X-RAY EXPOSURES
(3 subjects)
Average
mgm/10 cm2
exposure
Average
change in
mgm/10 cm2
after
exposure
Average
m1O cm2
exposure
Average
change in
mgm/10 cm2
after
exposure
Average
mgm/10 cm2
exposure
Average
change in
mgm/ cm2
after
exposure
I. Forehead
a) center
b) temples
II. Cheeks
3.2
2.8
2.3
+1.2
—0.3
—0.05
2.19
2.21
2.26
—0.61
—0.51
—0.74
3.0
2.35
2.58
—1.55
—1.15
—1.21
TABLE III
'Re placement sums" of ether-soluble substances on the temples and cheeks in. 7 patients treated
with roentgen rays
AREA
AFTER 2 X-RAY EXPOSURES
(4 subjects)
AFTER 4 X-RAY EXPOSURES
(5 subjects)
AFTER 8 x-RAY EXPOSURES
(3 subjects)
Average
mSs1/10 cm5
exposure
Average
change in
mgm/lOcm2
after
exposure
Average
mgm/1O cm2
before
exposure
Average
change in
mgm/10 cm2
after
exposure
Average
mgm/lOcm'
exposure
Average
change in
mgm/ 10 cm2
after
exposure
I. Temple
II. Cheeks
2.70
2.54
—0.49
—0.26
2.76
2.48
—1.04
—1.2
2.46
2.82
—1.42
—2.02
a considerable decrease, averaging 25% (0.62 mgm/lOcm2) of the pre-treatment
levels was observed in all test areas on the face; after 8 exposures the decrease
in these areas averaged 50% (1.30 mgm/lOcm2).
The replacement sums on the temples and cheeks prior to, and at intervals
during roentgen ray therapy are shown in Table 3. The replacement sums on the
temples and particularly on the cheeks were progressively reduced after 2, 4,
and 8 x-ray exposures as compared with the values obtained prior to therapy.
This decline of the replacement sums was more than 50% after 8 exposures and
thus even exceeded that of the levels of ether-soluble substances.
Table 4 compares the levels of ether-soluble substances found on the face in
9 patients before ultra-violet therapy with those obtained at intervals during
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therapy. It will be seen that the values after ultra-violet therapy were in general
slightly lower, but this trend was not consistent and the differences observed
appear to be not significant. .A possible exception is the 25% decrease on the
cheeks after 8 exposures.
The average replacement sums on the temples and cheeks prior to, and at
intervals during ultra-violet therapy are shown in Table 5. The results appear
to indicate that no consistent changes in the replacement sums occur during
ultra-violet therapy.
TABLE IV
Level of ether soluble 8ubstances on different sites in 9 patients treated with ultraviolet radiation
AREA
AFTER 4 ULTRAVIOLET
EXPOSURES
(6 subjects)
AFTER 6 ULTRAVIOLET
EXPOSURES
(4 subjects)
AFTER 8 ULTRAVIOLET
EXPOSURES
(4 subjects)
before
exposure
Average
change in
mgm/1O cm
after
exposure
Average
K1h/f
exposure
Average
change in
mgm/lO cm2
after
exposure
Average
9'I
exposure
Average
change in
mgm/1O cmi
after
exposure
I. Forehead
a) center
b) temples
II. Cheeks
3.15
2.75
2.50
—0.32
—0.37
+0.04
3.15
1.63
1.80
+0.15
+0.21
—0.16
3.9
2.84
2.64
—0.3
—0.38
—0.63
TABLE V
'Replacement sums" of ether-soluble substances on the temples and cheeks in 9 patients treated
with ultraviolet radiation
AREA
4 ULTRAVIOLET EXPOSURES
(6 subjects)
6 ULTRAVIOLET EXPOSURES
(4 subjects)
8 ULTRAVIOLET EXPOSURES
(4 subjects)
Average
mgm/1O mn'
before
exposure
Average
change in
mgm/1O cm2
after
exposure
Average
mgm/iO cmi
before
exposure
Average
change in
mgtn/iO cm2
after
exposure
Average Average
mgm/iO cm' I change so
before mgm/1O cm2
exposure after
i exposure
I. Temples
II. Cheeks
2.6
2.58
+0.04
—0.11
1.35
1.48
+0.43
+0.03
2.6 —0.26
2.44 —0.33
Table 6 presents the average amounts of thermogenic sweat assayed in acne
patients on the same test-areas from which the ether-soluble material was col-
lected.
DISCUSSION
For purposes of comparison, the amounts of ether-soluble material on the
skin's surface of acne patients and those previously obtained in normal subjects
(1) are shown in Graph 1. The results in these two groups are comparable—
although the investigations were not carried out simultaneously—because the
assays in both groups were performed by the same technic and under similar
conditions of temperature and humidity. The order of the levels of ether-soluble
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material on the various skin areas tested was the same in the patients with
acne vulgaris as in normal subjects. There were, however, excessive quantities of
lipids present on all test areas on the face in patients with acne; and there were ab-
normally great amounts of ether-soluble substances on the back in patients with
TABLE VI
Thermogenic sweat delivery on different sites in 9 acne patients
AESA
15 StALES I
(Average n''m
Sweat/2 cm')
14 FEMALES
(Average mgm
fSweat/2 cm2)
I. Head
Temples 16.87 9.5
Mid-forehead 11.0 10.0
Cheeks 2.5 2.5
IL Axillae 21.25 21.35
III. Back
a) upper vertebral line 16.2 13.0
midscapular line 15.0 11.91
b) lower vertebral line 16.8 7.8
midscapular line 9.5 4.6
!Mocue 0— normal subjects
a—Acne p&tints
Acne patents jith 'esions
conhned t tke face
•
4eh t.,,I.. cheeks bra)el veteb,,i.sa
Ufle baak
GRAPH I. Comparison of levels of ether soluble substances on different sites of normal
subjects and of acne patients.
involvement of the back. These differences between the quantities in acne patients
and healthy subjects were statistically significant on the temples, cheeks and
midscapular lines.
Our results parallel those of Kile, Snyder and Haefele (4) who concluded from
examinations of skin areas of not accurately defined size on the face, retroauricu-
lar areas, center of the chest and shoulders that the quantity of total lipids at
the surface is significantly increased in persons with acne vulgaris. Moreover, our
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findings are in agreement with those of Kile et al. in that there are acne patients
with lipid levels which are within the range of the levels found on normal sub-
jects, i.e. the lower limit of the lipid quantities in the acne patients was of a
similar range as the upper limit in healthy subjects.
It is interesting, although not surprising, that the assays performed by us
completely corroborated an old clinical impression—namely, the "defatting"
effect of roentgen ray therapy in acne vulgaris. In addition, these assays sub-
stantiate what had been found empirically by dermatologists many years ago—
namely, that it takes about 8 treatments of 85 r each, to cause a significant re-
duction in the oiliness of the face: In the 7 patients examined the levels of ether-
soluble material on the face began to decline after 4 roentgen ray treatments;
and after 8 exposures, they were approximately one-half those before treatment.
We might add here that elinical improvement in these patients went parallel
with the decline in the amounts of ether-soluble material on the skin's surface.
In a previous report (1), we commented on the relative constancy of the level
of ether-soluble substances in repeated examinations on the same site of any
particular individual, a finding which makes our results in the roentgen ray-
treated acne patients even more significant.
Following roentgen ray therapy, the decline in the replacement sums of ether-
soluble material on the temples and cheeks, appeared to occur more rapidly,
(after only 2 exposures), and to be more intense than the decline in the levels
of ether-soluble film. The significance of these changes is apparent when con-
sidered in the light of our observation that the replacement sums are normally
constant (1), as well as of Kvorning's (5) observation that the sum was constant
even over a 6 month period.
In the 9 patients treated with ultra-violet radiation, the levels of ether-soluble
material on the skin and the replacement sums increased, or decreased by only
approximately 10% of the pre-treatment levels, changes which are probably not
significant. Clinical improvement of the patients treated with ultraviolet radia-
tion appeared to be unrelated to the relatively slight declines or increases ob-
served in the levels of surface lipids.
The results reported by us and by previous observers indicate that there is no
constant relationship between the presence of acne lesions and the level of ether-
soluble material. This fits in with the clinical observation made by Brunsting
(6) and S. Rothman (6) that, during prolonged ACTI-1 administration, patients
developed acne lesions and keratosis pilaris simultaneously, but that the usual
seborrheic component of acne was not apparent. These clinical observations are
also supported by our recent finding (7) that the lipid film is diminished during
administration of ACTH or Cortisone, indicating that acne may even develop
simultaneously with a decrease in ether-soluble materials on the skin's surface.
It is generally agreed that retention of sebaceous matter in the follicles
(comedo-formation) is one of the most important factors predisposing to the
formation of acne lesions. Such retention may not only be caused by hyperkerato-
tic plugging of the follicular ostia, but also by other mechanisms. One possible
mechanism would be an increased viscosity of the sebum. A greater than normal
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viscosity in the ether-soluble film on the skin surface would result in hardening
and retention of the matter inside the follicles.
In previous reports (1, 3) concerning the probable correlation between the
delivery of sweat and of ether-soluble material to the skin surface, we have
pointed out that one of the factors leading to increased consistency of the sebum
lipids might be deficient emulsification by the sweat. A comparison of the data
presented on Tables 1 and 6 together with the corresponding results obtained
previously in healthy subjects (1, 3) show that the order of regional differences
in the amounts of thermogenic sweat and in the lipid levels on the body surface
was the same in our patients with acne vulgaris and our normal subjects; and
that the two groups showed a somewhat similar correlation between the regional
distribution of thermogenic sweat and of ether-soluble material. The exceptions
were a) the values found in the axillae (heat sweating was considerable, but the
level of lipids was relatively low) tand b) probably the values found on the mid-
forehead (in relation to those obtained in the temporal areas) and the cheeks,
where quantitative data on sweating were unobtainable (3).
The probable effect of thermogenic sweat on the level of ether-soluble material
on the surface is well illustrated by the relative constancy of the ratios of the
quantity of ether-soluble material to the quantity of thermogenic sweat ob-
tained in different areas under comparable conditions. For example, in the normal
male subjects, the amounts of ether-soluble material calculated per 10 cm2 in the
test-areas examined on the trunk, averaged 14.1 mgm (± 2.5) for each cc of
sweat; and on the forehead (where free evaporation of sweat was facilitated (3)),
31 mgm (± 2) for each cc of sweat. In the male acne patients, the ratios of the
average amounts of lipids to sweat on the test-areas of the back were somewhat
higher than those in normal subjects, averaging 15.4 mgm (± 4.1) of lipids for
each cc of sweat. Similarly, on the test areas of the forehead, the average amount
of lipids was higher than in healthy subjects, namely 35 mgm (± 6.0) for each
cc of sweat. Following roentgen therapy, the ratios on the symmetrical areas of
the forehead decreased even below the normal values, i.e., 21.0 mgm (± 6.0) of
lipids for each cc of sweat.
Several years ago it was suggested that the improvement which takes place
t Regarding the determinations of the lipid film in the axillae, the results of which were
in part reported previously (3), it appears to deserve mentioning that filtration of the ether
collections was usually necessary.
Another feature observed during the examinations of the axillary skin was a remarkable
degree of irritation by the ether applied for the collections. The test subjects almost in-
variably complained of severe burning; and a strong, sometimes rather persistent erythema
developed in most instances. We believe that this effect is explained by the small amounts
of ether soluble material on this site. No similar irritation was ever observed in any of the
other test areas.
It is of interest that the amounts of thermogenic sweat (mgm/2cm2) in the axillae aver-
aged 15.58 (± 7.5) in healthy males, and 16.5 (± 6.35) in healthy females. In contrast, the
amounts of sweat in the axillae averaged 21.25 (± 14.5) in inale—and 21.35 (±10.4) in female
acne patients. As most of our patients with acne vulgaris were close to the age of puberty,
it is not unlikely that their increased axillary sweating is a reflection of the changes that
occur in the apocrine glands at puberty.
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in many acne patients during the summer may, at least in part be due to the
"liquid oil"—nature of the sebum at higher temperatures (8). In view of the
quantitative relationship between thermogenic sweating and lipids on the skin
surface, we feel that in all probability part of this effect is due to improved
emulsification of the sebum associated with increased sweat delivery. Climatic
factors facilitating sweat-delivery may in this way be beneficial in acne, and
vice versa, sweat retention by climatic factors (as in tropical climates) may ag-
gravate or even produce acne. Moreover, roentgen ray therapy may effect a
better emulsification of the surface lipids by reducing the ratio of the amount of
lipid on the skin to the amount of sweat.
Similarly, many of the conventional forms of topical therapy prescribed for
acne, such as lipid solvents, alcoholic tinctures, emulsifying agents, the fre-
quent washing with soap, etc., may well be useful by virtue of their ability to
lower the amount of lipid on the surface of the skin. In contrast, ultraviolet ir-
radiation has little effect on the levels of ether-soluble material on the skin
surface and any presumptive therapeutic effect in acne is probably achieved by
producing desquamation, lessening of hyperkeratotic follicular plugging, and
thereby reducing the comedo-formation which in turn leads to the formation of
the other characteristic lesions of acne.
SUMMARY
1. Significantly greater amounts of ether-soluble material were found on most
test-areas on the skin of 29 patients with acne vulgaris, as compared with the
findings in normal subjects.
2. When the levels of ether-soluble substances on the skin of 29 acne patients
were compared with the levels in normal subjects, there was no constant relation-
ship between the presence of acne vulgaris and the amounts of lipids on the skin.
3. In 7 of the 29 patients treated with roentgen therapy (85 r centered on each
cheek, once a week) a considerable decline in the amounts of ether-soluble ma-
terial on the face was observed, commencing after the fourth exposure. Clinical
improvement appeared to coincide with the changes in lipid levels.
4. In 9 of the 29 acne patients, ultraviolet radiation (erythema dose, once
weekly) did not appreciably alter the quantities of the ether-soluble film on the
skin surface. Clinical improvement in these patients was independent of a change
in the amounts of surface lipid.
5. The regional distribution of the amounts of both the ether-soluble material
and thermogenic sweat on the skin surface was similar in acne patients and
normal subjects.
6. A fairly constant relationship was found between the regional differences in
the amounts of ether-soluble material and of thermogenic sweat at the skin sur-
face, with he exception of the results obtained in the axillae, probably those
obtained in the mid-forehead (in relation to the values found on the temples)
and on the cheeks. The possibility is considered that the improved emulsifica-
tion of ether-soluble material in the presence of larger quantities of thermogenic
sweat may be a factor in producing the not uncommon clinical improvement of
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acne vulgaris in certain climates and in the summer season. Moreover, this factor
even may play a role in the improvement seen in acne vulgaris after roentgen
ray treatments—through an over-all reduction in the quantity of ether-soluble
material, which in turn leads to a more favorable sebum-sweat ratio and thereby
permits a more adequate emulsification and flow of the ether-soluble material
present.
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